Introduction
Prostate cancer is one of the most serious public health concerns relating to men's health worldwide. The World Health Organization (WHO) has declared prostate cancer to be the second most commonly diagnosed type of cancer in men, and the fifth leading cause of death due to cancer in men worldwide [1] . It accounts for 6.6% of the total deaths of men, and the burden is expected to increase to 1.7 million cases and 499 000 new deaths by 2030 globally [2] . Prostate cancer incidence varies widely in the world with higher rates (mostly) in high-income countries [1] , mainly due to the widespread use of screening tests, which have improved early detection, but whose benefits and harms are controversial [3, 4] . There is no consensus on the general screening routine, including the age at which screening should be performed [5] [6] [7] [8] [9] , and testing has led to false-positive results and over diagnosis [10] . Furthermore, patients often face more than one alternative treatment, which represent a variety of benefits and risks without convincing evidence indicating a best choice [11] . The survival benefit comes at the price of considerable morbidity, highly impaired quality of life, psychological distress and increased healthcare costs due to treatment [10, 12] . With these precedents, the individual patient's situation becomes preference sensitive, requiring careful consideration and deliberation of many factors (e.g., diagnosis, prognosis, fears, values, beliefs, ethics, hopes and previous experience) that make decisions complex and highly preference sensitive. Shared decision-making (SDM) is frequently advocated in clinical practice as the fundamental component of all patient-provider interactions in regards to medical decisions [13, 14] since it is based on the principles of patient-cenAuthor contributions NAMG wrote the manuscript. NAMG, OS and SNJ conceived and designed the review. NAMG designed the data extraction forms. NAMG, AP, SM, OS and SNJ tested the data extraction forms, screened and selected studies. NAMG and AP extracted and verified the data. NAMG, AP, SM, SNJ performed the studies assessment. NAMG performed the analyses. TR revised the manuscript and contributed to its improvement. All authors revised and contributed to improving the manuscript, and read and approved the final manuscript. Correspondence: Nahara Anani Martínez-González, RA [15, 16] . It is particularly recommended for "preference-sensitive medical decisions" [17] and considered essential for screening and treatment of prostate cancer [18, 19] . With this approach, the decision depends to a great extent on the patients' informed preferences and on their value of risks, benefits and harms of options [17] . These attributes are often integrated and tailored to the patient's circumstance by means of decision aids or other methods [20] [21] [22] [23] that facilitate SDM [16] . However, there is no single definition of SDM and no clear consensus about how to conduct SDM in routine medical practice. Ongoing debate also indicates that the goal of SDM is not yet clarified. Some view SDM as a partnership between patient and/or patient care-related parties (e.g., legal guardian, relatives) and healthcare providers to equally share decisions about healthcare choices [24] [25] [26] [27] . For others, SDM is a process to engage in decision-making [14, 28] , or an approach to incorporate preference-sensitive elements that facilitate decision-making [17] . SDM appeals greatly to policy makers and healthcare providers because of its potential to reduce the overuse of options with unclear benefits [29] while enhancing the use of beneficial options [30] and reducing variations in practice [31] . We performed a systematic review to assess the extent of SDM implementation in studies of interventions aiming to facilitate SDM for men facing prostate cancer screening and/or treatment decisions.
Methods
We developed a protocol before starting the review following the principles for systematic reviews [32, 33] , and we report the methods in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines (see table S1 in appendix 1 for the PRISMA checklist) [34] .
Inclusion and exclusion criteria
We focused on the extent to which the concept of SDM is implemented in clinical practice. We assessed the reported SDM interventions based on the SDM model (see section "Assessment of SDM implementation"). We broadly defined SDM interventions as the approaches, methods or tools designed to facilitate, foster, or improve patienthealthcare provider involvement in medical decision-making, based on Charles et al. [35] . We included peer-reviewed and grey literature of studies reported in English addressing (the effectiveness of) SDM interventions for men facing decisions about prostate cancer screening and/ or treatment. Eligible studies were randomised controlled trials (RCTs), quasi-RCTs (method of allocation not strictly random), and cluster RCTs (1) comparing SDM interventions to one or more alternative interventions, and/or usual care, (2) directed at patients and/or their care-related parties and/or healthcare providers, and (3) conducted in primary or specialised healthcare including general practices, community clinics, ambulatory care, hospitals and private care services. Studies were included regardless of the length of follow-up, publication year and country of origin. We excluded studies conducted in non-clinical settings and community studies in which discussions were not intended or could not occur.
Search strategy and data sources
We designed and conducted a comprehensive search strategy in Medline Ovid, Embase (Elsevier), CINHAL (EBSCOHost), The Cochrane Library (Wiley), PsychINFO (EBSCOHost) and Scopus from their inception to March 2015. The search strategy was revised by an information specialist and, included terminology compatible with SDM (e.g., "patient participation" and "patient involvement"), "shared decision making" and "prostate cancer" (see table  S2 in appendix 1). It was not restricted by publication date, language, country or outcomes, and included a study design filter for the identification of RCTs in humans [36] . We also searched for grey literature using individual clinical trial registers (clinicaltrials.gov and ISRCTN), the WHO search portal (http://apps.who.int/trialsearch), and the Ottawa Hospital Research Institute website (http://www.ohri.ca). The records were accessed between February and August 2016, and the trials registration number was additionally searched for by use of Medline and PubMed. We also used Google Scholar and the system for Information on Grey Literature in Europe (http://opengrey.eu/). We identified additional studies by screening the reference lists of included studies, relevant systematic reviews and clinical guidelines, and by contacting (June 2015 to January 2017) the authors of potentially eligible abstracts for which the full text could not be located.
Selection of studies
Two reviewers independently screened the titles and abstracts of all citations, and examined the full text of potentially eligible publications meeting the eligibility criteria. Studies reported in more than one publication were identified and treated as one unit. We resolved differences through consensus or by involving an arbitrator.
Data collection and synthesis
One reviewer extracted data using standardised data collection forms designed and developed a priori. A second reviewer independently verified data extractions, resolving differences by consensus or by involving an arbitrator. For each study, we extracted information on the bibliographic details of studies (design, country, time of study conduct, funding sources), characteristics of study populations and interventions, including the interventions' attributes, and the elements and key features of SDM implementation. Data from a single study reported across various publications were extracted as one unit. We obtained full-text data from the authors of potentially eligible abstracts without available full text. In this review, we performed a narrative synthesis of the results, including a description of the reported SDM interventions and their implementation based on the SDM model. In a future report, we will include an analysis of the effectiveness of SDM interventions.
Assessment of the extent of SDM implementation
We evaluated the extent of SDM implementation in accordance with the essential characteristics of SDM proposed by Charles et al. [35] (see table S3 in appendix 1). Of the analytic stages of SDM, we considered deliberation to be central and mandatory, and that it must be bi-directional (i.e., active participation of both patient and healthcare provider) for SDM to occur. Provision of information only, such as use of decision aids, cannot replace this active and bi-directional participation, but such strategies in a "standalone" format can facilitate SDM or become a component of a multi-faceted intervention. To differentiate the variants (e.g., two-way from one-way) in decision-making, we assessed the intervention's description and content, its delivery procedure and the mode of decisions to identify the elements aiming to facilitate decision-making. We evaluated whether:
1. The intervention aimed to facilitate or foster shared decisions, for example by including elements of patient activation, encouragement to talk or discuss, etc. 2. There was evidence of bi-directional interaction between patients and healthcare providers, such as planned (telephone or face-to-face) consultations. 3. Implementation of decision-making was based on three key features of SDM [35] , i.e., patient and healthcare provider:
a. share/exchange information, b. deliberate, and c. make/implement a decision in consensus.
Ideally, this collection of behaviours occurs altogether within a clinical encounter [35] . We anticipated, however, that SDM definitions and goals would differ among studies resulting in heterogeneous decision-making behaviours in which SDM might not be achieved. We classified the interventions as SDM (all criteria met), partial SDM (at least deliberation met), unclear (unclear deliberation), and no SDM (unidirectional interaction) by coding 3a, 3b and 3c as one if the criteria was met, zero if the criteria was not met, or unclear (?) if criteria details were not reported or could not be verified. Table S4 (appendix 1) illustrates this system. We considered the following criteria as components of SDM, since these were intended to encourage discussions between patient and healthcare provider or implied a bidirectional interaction between them: patient activation strategies such as provision of information, patient prompts, clinical encounters that occurred at or shortly before a healthcare appointment, coaching, interviews, or before filling out questionnaires.
Results

Identification of eligible studies
Our searches identified 15 398 records. After perusal of all titles and abstracts, we excluded 15 128 records. We examined in detail the full text of 270 potentially relevant articles. After excluding 220 articles, 36 RCTs reported in 50 publications met the inclusion criteria . Figure 1 shows the flow of study identification and selection. Nine (75%) of those provided a range of treatment options of which surgery (n = 9) was the most commonly offered choice, followed by radiotherapy (external beam radiation; n = 7), watchful waiting (n = 6), brachytherapy (n = 6) and hormone therapy (n = 4). One RCT addressed decisionmaking for both screening and treatment of prostate cancer [86] . Thirty-two (88.9%) RCTs included patient-directed interventions, but four RCTs targeted both patients and their significant other (e.g., relatives, spouses) [83, 84] , or patients and physicians [42, 45] . Patients were mainly recruited from primary care clinics in 20 (55.6%) RCTs (table 2). In the other 16 (44.4%) RCTs, patients were recruited from hospital-based (n = 5) or cancer (n = 3) clinics, a specific population (n = 1), or from multidisciplinary (combining at least two; n = 7) settings. Thirty (83.4%) RCTs reported the targeted age of participants. In 27 RCTs (75%), the minimum and maximum targeted age of men was 40 and 86 years, respectively; one RCT (3%) targeted relatively young (younger than typically recommended) men who were at least 18 years old [82] ; and two RCTs (5.6%) did not use age as an eligibility criterion for participants [68, 74] . Three RCTs were not tied to a consultation [38, 48, 57] , but the type of participating healthcare providers was reported in 24 (66.7%) RCTs: 14 RCTs (38.8%) employed faculty, general or internal medicine physicians, and nurse practitioners; and 10 RCTs (27.8%) employed physician specialists (urology, oncology, and/or radiation oncology). Eleven (30.6%) RCTs reported the number of participating healthcare providers, which ranged from 2 [85] to 127 [54] . Seven RCTs (21.2%) reported the level of healthcare providers' training or experience, which ranged from postgraduate practice to 40 years of experience, or board certified physicians. Thirty-four RCTs reported the funding sources; these were non-profit governmental and private institutions.
Attributes of decision-making interventions
The interventions varied widely in their delivery mode, form, and content (table 3) . SDM was considered within the context of primary care in 55.5% (n = 20) of the RCTs, multidisciplinary healthcare in 19.4% (n = 7), hospital care in 14.0% (n = 5), specialised care in 8.3% (n = 3), and from a population perspective in 2.8% (n = 1). The interventions were delivered on-site (n = 14), home (n = 9), onsite or home (n = 9), home or on-site combined with other settings (n = 3), and face-to-face or by telephone (n = 1). Most interventions (n = 28) were delivered before consultations, interviews or questionnaires, and a few were delivered during (n = 6) or after (n = 2) consultations or questionnaires. The interventions were self-administered in 20 (55.6%) RCTs, exclusively delivered by clinicians or re-search staff in 10 (27.8%) RCTs, and either delivered by research staff or clinicians guided patients in 6 (16.7%) RCTs.
A multifaceted strategy was used in nearly half (47.2%) of the studies. Most interventions included material in paperbased (n = 25) format although some included web-based (n = 4), paper-and web-based (n = 2), or other format (e.g., interview, audiotape recording; n = 5). Healthcare literacy levels were considered in the development or pilot testing of the interventions in 19 RCTs (52.8%). Of these, one RCT exclusively developed separate interventions for low and high health literacy [51] ; in two RCTs interventions were designed for low health-literacy populations [46, 54] ; one RCT considered the target population with a literacy expert [58] ; and one RCT used tailored literacy with a decision navigator [72] .
Elements and key features of SDM interventions
Twenty-five RCTs (70%) intended to assess SDM to some degree (table 4) . This intention was not clearly stated in the other 11 RCTs (30%), although the interventions included elements to facilitate or foster SDM in all but one study. "Informed decision-making" was the most frequently (n = 21) used term, whereas only 9 (25%) RCTs used the term SDM. The studies also referred to other terms and measurements relevant to SDM including "weighing up benefits and harms", "risks", "pros and cons of options", "patients' values", "preferences", "promotion of engagement", "discussions of choices", "activation" or "participation in decision-making appointments", "decision role" (e.g., active, passive), "patient autonomy", "patient centredness", "knowledge and beliefs", and "decisional conflict". The interventions varied widely in the operational framework underlying their development, with the Ottawa Decision Support Framework (n = 5) being the most common among the 23 RCTs that reported using a framework.
Other frameworks included the health belief model theory (n = 2), the US Preventive Services Task Force (n = 2), the Patient Centred (n = 2), and another twelve (n = 12) approaches. sion-making involved at least two parties, 45.2% (screening, n = 8; treatment, n = 6) fulfilled the three key SDM features: nine considered SDM within the context of primary care and five within the context of hospital and/or specialised care. Another 45.2% (screening, n = 10; treatment, n = 3; screening and treatment, n = 1) met the criteria for partial SDM (verified deliberation); 3.2% (treatment, n = 1) had all key SDM features difficult to verify (unclear deliberation), and 6.4% (screening, n = 1; treatment, n = 1) had the characteristics of no SDM. The other five (13.9%) of the 36 included RCTs, showed unclear deliberation (screening, n = 1; treatment, n = 1) or no SDM (screening, n = 2; treatment, n = 1).
Discussion
In this systematic review, we identified 36 RCTs of interventions aiming to facilitate SDM for screening and treatment of prostate cancer in a variety of settings and populations. The majority of RCTs were from North America, mainly the USA (n = 22). Most of the participating men were 40 to 86 years old and more than half (55.6%) were recruited from primary care. There was a wide variation in General internal medicine physicians, n = n.r. Patients ≥50 n = 275 1) n = 275 Physicians, n = n.r. CAN = Canada; NLD = The Netherlands; SPN = Spain; FIN = Finland; GRC = Greece. LPC = localised prostate cancer; DRE = digital rectal examination; PSA = prostate-specific antigen; AA = African American; n.r. = not reported; CD = CD-ROM-based decision aid. Settings: VA = Veterans' affair; PC = primary care clinics/practices; GIMP = general internal medicine practice; AGIMP = academic general internal medicine practice; UH = university hospital; MGP = medical group practice; PP = physician partners; HMO = health maintenance organisations; AMC = academic medical centre; Net = networks; UMC = university medical centre; UCaC = university cancer centre; AGP = academic general practice; GH = general hospital; FMC = family medicine centre/clinic; IC = insurance company; GPs = general/family medicine practices/clinics; Prev = preventive; KP = Kaiser Permanente; UGP = university-affiliated general practice; HGP = hospital-based general practice; HL = health literacy. Treatment options: 1 = radical surgery (prostatectomy or "surgery"), 2 = cryotherapy (cryosurgery or cryoablation), 3 = lymphadenectomy (lymph node dissection), 4 = transurethral resection of the prostate, 5 = radiotherapy, 6 = brachytherapy (combination of radiotherapy and surgery), 7 = hormone therapy (e.g., orchidectomy, LHRH agonist treatment, antiandrogen or oestrogen), 8 = watchful waiting or active monitoring, 9 = complementary, 10 = no treatment, 11 = no treatment, preference, 12 = other (type not stated), 13 = undecided, 14 = missing. * Cluster RCT. † RCTs for which no specific target age was used as eligibility criterion. ‡ RCTs for which age was not used as eligibility criterion.
the minimum age (range: 40-55) at which men were targeted to be screened for prostate cancer with starting cutoff ages at 40, 45, 50, 55 years, and 18 years in one study. Primary care physicians or nurse practitioners participated in at least a third of the studies, whereas specialised physicians participated in less than a third of the studies. Most studies addressed decision-making for prostate cancer screening, with PSA being the most (78.3%) frequently used method of diagnosis. The interventions differed widely in delivery mode, format and content. Our approach for assessing the implementation of SDM interventions was based on the criteria defined by Charles et al. [24, 35] . The model distinguishes the roles and responsibilities of the relationship between patient and healthcare provider for SDM compared with other models of decision-making. The essential characteristic of SDM is the bi-directional interaction between patient and healthcare provider which places SDM in the middle between a paternalistic and an informed-decision approach. Patients (and/ or related parties) and healthcare providers need to actively adopt a set of behaviours in each of the analytic stages, namely information exchange, deliberation and decision implementation [35] . Our approach also supports deliberation as the key feature to accomplish SDM in routine practice, in keeping with Elwyn et al. [87] . We found that different strategies are used to encourage participation in decision-making, and interventions might be considered to facilitate SDM, although they might not be explicitly termed as such. Informed decision-making is the most frequently used term in the literature and it could be either a stand-alone strategy to facilitate SDM, or one component of multi-faceted interventions. SDM could also be measured as a process (e.g., recording consultations) or can be conceptualised as an outcome.
The quality of implementation of SDM interventions varied widely among studies. In most, the interventions were consistent in providing information, and the majority (n = 28) intended to involve deliberation to some degree. In fact, interventions were mostly delivered before consultations, interviews, evaluations or questionnaires as an attempt to empower patients. However, only 38.9% (n = 14) met the key criteria for SDM as proposed by Charles et al. [35] . Interestingly, half of the treatment studies, compared with nearly 35% of the screening studies, achieved the three key SDM features. Given the prevalence of prostate cancer, that SDM is guideline recommended and viewed as the fundamental component of all interactions between patients and -healthcare providers, it is surprising to find only a small number of studies on the effects of SDM for prostate cancer, especially treatment. However, nearly half (44.5%) of the included studies were published from 2010 onwards, which might indicate a growing area of research. In addition, most (55.5%) studies considered decision-making within the context of primary care by general practitioners, and only a few evaluated decision-making in the context of specialised care by urologists or oncologists. Moreover, the study interventions were developed to target mostly patients (88.9%), rarely involving the patients' significant others (e.g., family members, carers) despite recommendations that views and participation from others in decisionmaking may lead to more efficient and effective healthcare [29, 88] . Our review confirms an increase in the development of SDM interventions for prostate cancer. It also confirms the lack of both consensus on the definition of SDM and guidance for SDM implementation in routine practice. Makoul et al. [14] identified a range of 31 different SDM definitions and, as noted in our review, their recommendations for a single and more integrative concept of SDM are yet to be followed. Future research should consider that this variability might make comparison across studies difficult, and that consistent reporting of interventions and their components could allow better estimation of SDM implementation. Involving others (e.g., patients' carers or relatives) in the process of decision-making might affect patient outcomes and should be considered in further research. Nevertheless, our results merit further evaluation of their impact on patient outcomes.
Strengths and limitations
To our knowledge, this is the first systematic review about SDM implementation for both screening and treatment for prostate cancer. As such, this review focused on assessing and describing the reported SDM interventions and their implementation in clinical practice based on the SDM model. Given the lack of a single SDM definition, we considered the diversity in the type of interventions that would be compatible with SDM. Various reviews have focused on decision aids. We used a broad definition of SDM interventions and did not limit our search strategy exclusively to the term "shared decision-making" or "decision aids". We used a range of search terms relevant to decision-making, including SDM and decision aids. We applied broad inclusion criteria at the screening stage and full-text evaluation, and included studies regardless of whether a specific decision was promoted. Our review also covered international literature with no restriction to countries or type of healthcare provider. We included literature published in English only, and academic databases were searched up to March 2015. However, we made considerable efforts to identify all relevant studies by comprehensively searching both peer-reviewed and grey (accessed: February-August 2016) literature in twelve sources. We also contacted authors (2015-2017) of abstracts for which full texts were not available, increasing the chance of identifying more literature that is contemporary. Our work thus benefited from the response of authors, which led to the identification of more studies and thus more complete data were considered for eligibility. Moreover, our method for evaluating the implementation of SDM confirmed that research gaps in the conceptualisation of SDM continue despite previous recommendations [14] . We used the SDM model by Charles et al. [35] because it represents only one SDM concept, and it is the most prominent [14] approach to viewing SDM compared with other models of decision-making. Our review thus presents the elements and key features of SDM interventions and provides an overview of the extent of SDM implementation for prostate cancer. Our review was limited by the quality of reporting of intervention details, which made the verification of SDM criteria difficult at times. Thus we cannot exclude the possibility that we underestimated SDM implementation. Many studies were published within the last decade, but the use of frameworks was lacking in nearly a third of them.
Conclusions
There is a significant variation in the components of SDM interventions for prostate cancer screening and treatment. Only 39% of the studies contained the SDM intervention components suggested in the SDM model, and interventions were implemented mostly within the context of primary care. These results merit further evaluation on patient outcomes. There might be strong ethical, medical and interpersonal reasons to recommend SDM. However, to date there seems to be uncertainty about the SDM concept, intervention content, and how to implement SDM in practice. A standardised SDM definition and guidance for SDM implementation in practice that is feasible for several clinical settings are needed.
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